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(54) METHOD FOR PRODUCING HYDROGEN STORAGE ALLOY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress compositional variations caused by the evaporation 
of Mg at the time of producing a hydrogen storage alloy composed of Mg, Ni and rare earth 
elements as the main constituting elements, to facilitate the control of the alloy composition 
and moreover to increase the productivity on a level of mass-production. 
SOLUTION: At the time of producing a hydrogen storage alloy composed of Mg, Ni and rare 
earth elements as the main constituting elements, a rare earth-Mg series master alloy is 
added to molten Ni or a molten rare earth-Ni series alloy to produce a rare earth-Mg-Ni series 
alloy having a desired composition. As the rare earth-Mg series master alloy, for example, an 
alloy containing Mg in a range of 1 to 95% by atomic ratio is used. As the molten metal for 
dissolving the rear earth-Mg series master alloy, for example, a molten rare earth-nickel 
series alloy containing rare earth elements in a range of 5 to 15% by atomic ratio is used. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by connputer. So the translation nnay not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the manufacturing method of the hydrogen 
storing metal alloy which uses magnesium, nickel, and a rare earth element as main 
composing elements. 
[0002] 

[Description of the Prior Art]The hydrogen storing metal alloy of a LaNi^ system which is a rare 

earth-nickel system intermetallic compound which makes a CaCUg type crystal a main phase 

as a nickel hydrogen secondary battery. Or the thing of a structure provided with the negative 
electrode containing the hydrogen storing metal alloy which makes a main phase Ti, Zr, and 
the Laves phase that contains V and nickel as a composing element is put in practical use. 
[0003]Many rare earth-nickel system intermetallic compounds are considered as existence 
besides the LaNi^ system. For example, it is indicated that the intermetallic compound which 

contains a rare earth element so much more than AB5 type carries out occlusion of a lot of 
hydrogen near ordinary temperature than AB5 type to Mat. Res. Bull., 11, and 1241 (1976). It 
is reported that the Mg-nickel-rare earth system alloy which has the presentation replaced by 
some rare earth elements of the rare earth-nickel system alloy with IVIg carries out occlusion of 
a lot of hydrogen gas (for example, Yasuaki Osumi, soda and chlorine, 34, 447 (1983)). 
[0004]Since an La^ ^IVIg^nickel2 system alloy has high stability with hydrogen among the 

above-mentioned IVIg-nickel-rare earth system alloys, there is a problem that the releasing 
speed of hydrogen is very small (J. Less-Common Met, 73, 339 (1980) references). Although 
the hydrogen storing metal alloy which has PuNi^ structure by Mg^LaNig presentation is 

indicated to JP,11-217643,A, Although a hydrogen storage capacity also has many these Mg- 
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nickel-**** system alloys, it has the problem that the releasing speed of hydrogen is very small. 

[0005]On the other hand, to JP,11-323469,A. Mg, nickel, and a rare earth element are used as 
main composing elements, compared with a LaNI^ system hydrogen storing metal alloy, there 

is each of per volume and hydrogen storage capacities [ many ] per mass, and activation is 
quicker than a Laves phase system hydrogen storing metal alloy, and the hydrogen storing 
metal alloy excellent in the high charging and discharging characteristic is indicated. 
Compared with the rechargeable battery which it had, the negative electrode which contains a 
LaNig system hydrogen storing metal alloy by using the negative pole material containing this 

hydrogen storing metal alloy with high capacity. And it becomes possible to manufacture the 
rechargeable battery which has a high charging and discharging characteristic superior to the 
rechargeable battery provided with the negative electrode containing a Laves phase system 
hydrogen storing metal alloy. 

[0006]ln manufacturing the hydrogen storing metal alloy which uses as main composing 
elements Mg, nickel, and a rare earth element which were described above, Since Mg metal 
cannot be directly added to an elevated-temperature molten metal, a rare earth-nickel system 
hardener and a Mg-nickel system hardener are used, for example as an alloy material, 
Weighing and after blending, it dissolves by high-frequency induction heating in an inert gas 
atmosphere, and casting to a metallic mold etc. is performed, so that it may become the 
composition ratio of a request of these. 
[0007] 

[Problem(s) to be Solved by the Invention] However, by the manufacturing method of the 
hydrogen storing metal alloy used as main composing elements, conventional Mg, nickel, and 
rare earth element. Since the Mg-nickel system hardener of the high-melting point is used as 
an alloy material, a melting temperature from it having to set up highly. In addition to being 
inferior to the productivity in a volume production level, there is a problem that the composition 
change of the alloy by evaporation of Mg is large, and control of alloy composition is difficult 
compared with a LaNi^ system alloy. 

[OOOSjIn manufacturing the hydrogen storing metal alloy which was made in order to cope with 
such a technical problem, and uses Mg, nickel, and a rare earth element as main composing 
elements, this invention controls the composition change by evaporation of Mg, and makes 
control of alloy composition easy, and. It aims at providing the manufacturing method of the 
hydrogen storing metal alloy which made it possible to improve the productivity in a volume 
production level. 
[0009] 

[Means for Solving the Problem]As indicated to claim 1, a manufacturing method of a hydrogen 
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storing metal alloy of this invention Magnesiunn, In nnanufacturing a hydrogen storing metal 
alloy which uses nickel and a rare earth element as main composing elements, by adding a 
rare earth-magnesium system hardener to a nickel molten metal or a rare earth-nickel series 
molten metal, It is characterized by preparing a rare earth-magnesium nickel series alloy of a 
request presentation. 

[0010]ln a manufacturing method of a hydrogen storing metal alloy of this invention, as a 
hardener containing magnesium, Compared with the conventional magnesium nickel series 
hardener, a rare earth-magnesium system hardener of a low melting point is used, and a rare 
earth-magnesium nickel series alloy of a request presentation is prepared by adding this to a 
nickel molten metal or a rare earth-nickel series molten metal. Therefore, since molten metal 
temperature at the time of dissolving a hardener containing magnesium can be lowered, a 
composition change by evaporation of magnesium can be controlled and it becomes possible 
to be stabilized and to control alloy composition easily. Productivity in a volume production 
level can be improved. 

[0011]As a manufacturing method of a hydrogen storing metal alloy of this invention was 
indicated to claim 2, it is an atomic ratio about magnesium. It is preferred to use a rare earth- 
magnesium system hardener contained in 1 - 95% of range. As for a rare earth-magnesium 
system hardener, as indicated to claim 3, it is preferred to have the melting point of the range 
of 600-1000 **. It becomes possible to obtain a rare earth-magnesium nickel series alloy of a 
request presentation often [ accuracy ] and easily by using a hardener which diluted 
magnesium with a rare earth element, and raised the melting point. 

[0012]Although it is also possible to use nickel molten metal in a manufacturing method of a 
hydrogen storing metal alloy of this invention as a molten metal which dissolves a rare earth- 
magnesium system hardener, As indicated to claim 4, it is an atomic ratio about a rare earth 
element. By using a rare earth-nickel series molten metal included in 5 - 15% of range, it 
becomes possible to lower molten metal temperature further. 
[0013]lt is preferred to carry out a process of casting a molten metal of a rare earth- 
magnesium nickel series alloy of a request presentation in a manufacturing method of a 
hydrogen storing metal alloy of this invention as indicated to claim 5, and a process of heat- 
treating to an alloy after casting for uniformity and crystal structure control. 
[0014]A manufacturing method of a hydrogen storing metal alloy of this invention is general 
formula:(Mg^ x'^^x^ (nickel^ ^T^) ^ (among a formula), as indicated to claim 6. RE is as being 
chosen out of a rare earth element containing Y as it is few. One sort of elements, T is as 
being chosen out of Co, Mn, Fe, aluminum, Ga, Zn, Sn, Cu, Si, Cr, and B as it is few. One sort 
of elements are shown, x, y, and z ~ respectively ~ a number with which it is satisfied of 0< 
x<1 , 0< y<0.9, and 3.0< z<4.0 ~ it is ~ it is [ as opposed to / especially / manufacture of a rare 
earth-magnesium nickel series alloy which has the presentation expressed substantially ] 
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effective. 
[0015] 

[Embodiment of the Invention] Hereafter, the gestait for carrying out this invention is explained. 
[0016]ln the manufacturing method of the hydrogen storing metal alloy of this invention, a rare 
earth-Mg system hardener is prepared first, this is supplied to nickel molten metal or a rare 
earth-nickel system molten metal, and the hydrogen storing metal alloy of a request 
presentation is prepared. Here, since the rare earth-Mg system hardener as a hardener 
containing Mg is a low melting point compared with the conventional Mg-nickel system 
hardener, it can lower the molten metal temperature at the time of dissolving the hardener 
containing Mg. Thereby, the composition change by evaporation of Mg can be controlled and it 
becomes possible to control desired alloy composition easily. The productivity in a volume 
production level can be improved. 

[0017]The Mg content in the rare earth-Mg system hardener mentioned above is an atomic 
ratio. It is preferred to consider it as 1 to 95% of range. When there is too little Mg content in a 
rare earth-Mg system hardener, the amount of hardeners added into a molten metal increases, 
the fall of molten metal temperature is caused, and the dissolution and casting become 
difficult. On the other hand, when there is too much Mg content in a hardener, the melting point 
of a hardener approaches it of Mg and it becomes easy to produce bumping at the time of the 
addition to a molten metal. The Mg content in the rare earth-Mg system hardener from these 
things is an atomic ratio. It is preferred to set it as 1 to 95% of range, it is 10 to 80% of range 
more preferably, and is 20 to 70% of range still more preferably. As for the composition ratio of 
a rare earth element and Mg, it is preferred to choose the presentation near a eutectic crystal 
from the purpose for which the temperature of a molten metal is reduced. 
[OOlSjWhen in manufacturing a rare earth-Mg system hardener controlling evaporation of Mg, 
and diluting Mg with a rare earth element and raising the melting point, it is the melting point of 
a rare earth-Mg system hardener. It is preferred to set it as the range of 600-1000 **. By 
setting it as the range which described the melting point of the hardener above, the rare earth- 
Mg system alloy of a request presentation can be obtained easily. The more desirable range of 
the rare earth-Mg system hardener melting point is 650-900 **. 

[0019]As a rare earth element in a rare earth-Mg system hardener, It is that it is few as being 
chosen out of La, Ce, Pr, Nd, and Y which have hydrogen absorption ability. It is preferred to 
use one sort of elements, and it is more preferred the misch metal (Mm) which is a rare earth 
mixture further, and to use especially La Rich's misch metal (Lm). 

[0020]lt dissolves, for example by the high-frequency induction heating in the inside of an inert 
gas atmosphere, and it manufactures by casting to a metallic mold etc., and a rare earth-Mg 
system hardener which was mentioned above can also be manufactured from the mixed salt 
ghost of rare earth-magnesium, etc. using fused salt electrolysis. Specifically carry out 
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weighing and so that it nnay beconne a rare earth element and the connposition ratio of a 
request of IVIg for example, in an inert gas atmosphere like argon atmosphere, The rare earth- 
Mg system hardener of the purpose presentation is manufactured by making it dissolve by 
high-frequency induction heating using a magnesia crucible etc., and casting this to a metallic 
mold etc. 

[0021]Next, using an above-mentioned rare earth-Mg system hardener, nickel, a rare earth 
element, etc., weighing is carried out so that it may become the rare earth-Mg-nickel system 
alloy composition of a request of these. Here, especially when the manufacturing method of 
this invention manufactures the rare earth-Mg-nickel system alloy which can apply Mg, nickel, 
and a rare earth element to the manufacture of various hydrogen storing metal alloys used as 
main composing elements or by which a presentation is especially expressed with the 
following general formula, it is effective. 
[0022] 

General formula: (Mg^ x^^x^ (nickel^ ^T^) ^ (among a formula) RE is as being chosen out of 
the rare earth element containing Y as it is few. One sort of elements, T is as being chosen out 
of Co, Mn, Fe, aluminum, Ga, Zn, Sn, Cu, Si, Cr, and B as it is few. One sort of elements are 
shown and x, y, and z are each. They are 0< x<1 , 0< y<0.9, and a number with which it is 
satisfied of 3.0< z<4.0. 

The RE element in the above-mentioned general formula forms a crystal structure suitable for 
bearing hydrogen absorption ability and performing occlusion and discharge of nickel and its 
substituted element (T element), and hydrogen. From a viewpoint of attaining low cost-ization 
of a hydrogen storing metal alloy as a RE element, it is as being chosen out of La, Ce, Pr, Nd, 
and Y that it is few. It is preferred that they are one sort of elements. It is more preferred to use 
the misch metal which is a rare earth mixture as a RE element, as such a misch metal ~ La ~ 
a rich misch metal (Lm) is mentioned. 

[0023]The amount x of substitution of the RE element to Mg 0 is exceeded. It is considered as 
less than one range. By making the amount x of substitution by a RE element into such a 
range, the hydrogen absorption and the burst size of a rare earth-Mg-nickel system alloy are 
raised, and initial activation can be raised. The amount x of substitution It is more desirable still 
more preferred to consider it as the range of 0.5-0.95. It is the range of 0.6-0.9. 
[0024]T element is an ingredient which raises diffusion of the hydrogen which invaded in the 
alloy, and the catalysis in the surface. It is that it is few as being chosen out of T element which 
described above a part of nickel ingredient, i.e., Co, Mn, Fe, aluminum, Ga, Zn, Sn, Cu, Si, Cr, 
and B. By replacing by one sort of elements, the hydrogen absorption and the releasing speed 
of an alloy can be raised. Since T element is the element which does not react to hydrogen in 
generation of heat, i.e., the element which cannot make a hydride easily spontaneously, it is 
guessed that this is a thing resulting from the occlusion and discharge of a hydrogen storing 
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metal alloy becoming easy by addition of T element etc. 

[0025]The amount y of substitution by T element such displacement effect It can obtain from 
the range exceeding 0. However, the amount y of substitution by T element of nickel ingredient 
When it becomes 0.9 or more, the crystal structure of a rare earth-Mg-nickel system alloy 
changes remarkably, and there is a possibility that the original characteristic of an alloy may be 
spoiled. Therefore, the amount y of substitution 0 is exceeded. It is considered as less than 0.9 
range. It is more desirable still more preferred to consider it as the range of 0.005-0.8, and the 
ranges of the amount y of substitution are 0.01-0.6. 

[0026]ln the rare earth-Mg-nickel system alloy shown by the above-mentioned general formula, 
it is the total content z of nickel and T element (atomic ratio). 3.0 is exceeded. It is considered 
as less than 4.0 range. The range of the content z 3.0 is exceeded. By considering it as less 
than 4.0 range, it becomes possible to fully raise hydrogen absorption and emission 
characteristics, such as hydrogen absorption and a burst size of an alloy, and initial activation. 
Content z It is preferred to consider it as the range of 3. 1 -3.8. 

[0027]Although it is also possible to use nickel molten metal as a molten metal which injects 
the rare earth-Mg system hardener mentioned above, in order to lower molten metal 
temperature, it is preferred to use a rare earth-nickel system molten metal. Specifically, it is an 
atomic ratio about rare earth content. By using the rare earth-nickel system molten metal made 
into 5 to 15% of range, It is abbreviation about molten metal temperature. It can be made to be 
able to fall by about 200 **, it can become possible to control more effectively evaporation of 
Mg after this adds a rare earth-Mg system hardener, and the composition control nature of a 
rare earth-Mg-nickel system alloy can be raised further. 

[0028]ln using a rare earth-nickel system molten metal, after dissolving only nickel by high- 
frequency induction heating in a vacuum first, the inside of a furnace is made into an inert gas 
atmosphere like argon atmosphere, and a rare earth element is added to this and it reduces 
molten metal temperature to it enough as a rare earth-nickel system molten metal. The 
presentation of the rare earth-nickel system molten metal at this time is an atomic ratio about 
rare earth content, as described above. It is preferred to set it as 5 - 15% of range. When T 
element replaces some nickel, it adds beforehand in this molten metal (a comb is nickel molten 
metal), and adds simultaneously with a rare earth-Mg system hardener. 
[0029]ln nickel molten metal which was mentioned above, or a rare earth-nickel system molten 
metal, the rare earth-Mg-nickel system molten metal of a request presentation is prepared by 
carrying out the specified quantity injection of the rare earth-Mg system hardener of prescribed 
composition. And such a rare earth-Mg-nickel system molten metal is cast, for example, and is 
alloyed. In order to control the segregation inside an alloy in alloying, it is preferred to use and 
cast a water-cooled rotating mold etc. 

[0030]The rare earth-Mg-nickel system molten metal above-mentioned as the technique of 
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alloying It is also possible to apply the quenching nnethod cooled and solidified at not less than 
100 *7second in speed. A rare earth-Mg-nickel system alloy is specifically ejected fronn the 
molten state on the cooling body which carries out high speed movement, and the method of 
obtaining the thin band of about 10-300 micrometers of board thickness is mentioned. As such 
a quenching method, the single rolling method and the congruence rolling method are 
mentioned. By these methods, by setting up suitably conditions, such as construction material 
of molten metal temperature and a cooling roller, surface nature and the number of rotations of 
a cooling roller, cooling water temperature of a cooling roller, a nozzle diameter, and gas 
pressure, it is stabilized and an alloy can be manufactured. Techniques, such as a gas 
atomizing method, may be used in addition to the single rolling method or the congruence 
rolling method. 

[0031]As for the rare earth-Mg-nickel system alloy obtained at an alloying process which was 
described above, it is preferred to heat-treat for acquiring the uniformity after casting and a 
desired crystal structure. An alloy main phase with a desired crystal structure here A 
Ce2nickel^ type, it is chosen out of the phase which has a CeNi^ type, a Gd2Co^ type and one 

crystal structure of the PuNi^ types, or a similar crystal structure - at least - It is the structure 

containing one phase. 

[0032]As for heat treatment for uniformity and crystal structure control, it is preferred to be 300 
or more ** and to carry out at the temperature of less than the melting point of an alloy in a 
vacuum or an inert atmosphere. When this heat treatment temperature is less than 300 **, 
while it becomes difficult to fully acquire the uniformity effect and the crystal structure control 
effect, when heat treatment temperature becomes more than the melting point of an alloy, the 
composition change by oxidation and Mg evaporation of a rare earth element etc., etc. will be 
caused. 

[0033]the above-mentioned heat treatment process specifically injects a rare earth-Mg-nickel 
system alloy into a vacuum heat treatment furnace first ~ after carrying out evacuation to a 
1x10 "^Pa grade ~ for example ~ Temperature up is carried out to 300 **, and argon gas is 
introduced in a furnace. As for the ambient pressure by argon gas, in order to control 
evaporation of Mg, being referred to as about 0.1 MPa is preferred. Then, temperature up of 
the inside of a furnace is carried out to treatment temperature, and it heat-treats by carrying 
out predetermined time maintenance. 

[0034]heat treatment temperature ~ concrete ~ it is preferred to set it as the range of 600-1 100 
** ~ further ~ It is preferred to consider it as the range of 800-1000 **. When heat treating time 
is less than 10 minutes, and crystallization becomes uneven and exceeds 10 hours on the 
other hand, oxidation of an alloy surface. It is [ that it is preferred to consider it as the range 
from 10 minutes to 10 hours as for heat treating time since there is a possibility that the 
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composition cliange by Mg evaporation nnay beconne large, and ] nnore desirable. It is the 
range of 5 to 10 hours. It is preferred to use evaporation of Mg under heat treatnnent for a ****** 
sake for the tight box made from graphite, etc. 

[0035]ln the manufacturing method of the hydrogen storing metal alloy of this invention which 
was mentioned above, as a hardener containing Mg, since the rare earth-Mg system hardener 
of the low melting point is used, the molten metal temperature at the time of dissolving this 
hardener can be lowered. Under the present circumstances, molten metal temperature can be 
further lowered by using a rare earth-nickel system molten metal as a molten metal which 
Injects a rare earth-Mg system hardener. 

[0036]By these, since it becomes possible to control the composition change by evaporation of 
Mg, the rare earth-Mg-nlckel system hydrogen storing metal alloy which has desired alloy 
composition can be easily obtained by being stabilized. This contributes to improvement and 
stabilization of the characteristic of a Inydrogen storing metal alloy greatly. Since the fall of 
molten metal temperature leads to improvement in tine productivity in a volume production 
level, It becomes possible to reduce the manufacturing cost of a rare earth-Mg-nickel system 
hydrogen storing metal alloy. 
[0037] 

[Example]Next, the concrete example of this invention and Its evaluation result are described. 
[0038] Exam pies 1-10 and the comparative examples 1-2 ~ weighing of a rare earth element 
and Mg was carried out, respectively, and these were supplied to the magnesia crucible so 
that It might become the presentation of the rare earth-Mg system hardener shown In the 
following table 1 first. After fully carrying out evacuation of the inside of a fusion furnace, the 
rare earth-Mg system hardener Ingot was obtained, respectively by Introducing argon gas to 
0.1 MPa In a furnace, and dissolving these each raw material In high-frequency Induction 
heating, the misch metal (Lm) In Table 1 ~ La of 93 atom % , Ce of one atom % , and Pr of 
three atom % ~ and ~ It consists of Nd of three atom % . 

[0039]Next, weighing of the raw material of the rare earth-Mg system hardener, rare earth 
element and mIsch metal which were obtained, respectively, and others was carried out so that 
It might become the presentation of the rare earth-Mg-nickel system alloy shown In the 
following table 1. Only each raw material of nickel, Fe, and Co was thrown In In the magnesia 
crucible, and other raw materials were set to the cup for addition, respectively. 
[0040]After carrying out evacuation of the Inside of a fusion furnace, only nickel In a crucible, 
Fe, and Co were first dissolved by high-frequency induction heating In the vacuum. 
Subsequently, argon gas was Introduced to 0.1 MPa In the furnace, the rare earth element and 
mIsch metal which were set to the cup for addition Into this molten metal were added, and the 
rare earth-nickel system molten metal was obtained, respectively. 

[004 1]After fully reducing the temperature of each rare earth-nickel system molten metal, a 
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rare earth-Mg system hardener and other elennents were added. After fully agitating such a 
rare earth-IVIg-nicl<el system molten metal, the rare earth-Mg-nickel system alloy ingot was 
obtained by casting to a water cooling mold, respectively. 

[0042]The quantitative analysis of each obtained alloy ingot was carried out with internal 
standard ICP emission spectrometry and nickel dimethylglyoxime weight method, Mg of these 
each alloy and the content of the rare earth element were quantified, and the decrement was 
written together to Table 1. The decrement of Mg and a rare earth element was calculated 
here by /(amount of Mg at time of combination) x100(%) (the rare earth element content of the 
quantified alloy) / (the amount of rare earth elements at the time of combination) x100 (%), 
respectively (Mg content in the quantified alloy). 

[0043]A Mg-nickel system hardener is used for the comparative examples 1 and 2 in Table 1 
as a hardener containing Mg. 
[0044] 
[Table 1] 
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[0045]. Alloyed by adding a rare earth-Mg system hardener to nickel molten metal or a rare 
earth-nickel system molten metal so that clearly from Table 1. The rare earth-Mg-nickel system 
hydrogen storing metal alloy of Examples 1-10 has few amounts of evaporation of Mg 
compared with the alloy of the comparative examples 1-2, and it turns out that the composition 
change is controlled. It is because the Mg-nickel system hardener is used for the thing with 
large Mg amount of evaporation of the alloy of the comparative examples 1 and 2. 
[0046] Exam pies 1 1-23 and the comparative examples 3-4 ~ so that it may become the 
presentation of the rare earth-Mg system hardener shown in the following table 2 first, The rare 
earth-Mg system hardener ingot was obtained, respectively by carrying out weighing of a rare 
earth element and Mg, respectively, and dissolving these each raw material with the high 
frequency induction furnace which introduced argon gas to 0.1 MPa. The misch metal (Lm) in 
Table 2 consists of La of 55 atom % , Ce of one atom %, Pr of 1 1 atom % , and Nd of 33 atom 
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%. 

[0047]Next, weighing of tlie raw material of tlie rare eartli-IVIg system liardener, rare eartli 
element and misch metal which were obtained, respectively, and others was carried out so that 
it might become the presentation of the rare earth-Mg-nickel system alloy shown in the 
following table 2. Only each raw material of nickel, Fe, and Co was thrown in in the magnesia 
crucible, and other raw materials were set to the cup for addition, respectively. 
[0048]After carrying out evacuation of the inside of a fusion furnace, only nickel in a crucible, 
Fe, and Co were first dissolved by high-frequency induction heating in the vacuum. 
Subsequently, argon gas was introduced to O.IMPa in the furnace, the rare earth element and 
misch metal which were set to the cup for addition into this molten metal were added, and the 
rare earth-nickel system molten metal was obtained, respectively. 

[0049]After fully reducing the temperature of each rare earth-nickel system molten metal, a 
rare earth-Mg system hardener and other elements were added. After fully agitating such a 
rare earth-Mg-nickel system molten metal, the rare earth-Mg-nickel system alloy ingot was 
obtained by casting to a water cooling mold, respectively. 

[0050]These each alloy ingot is set all over the tight box made from graphite, and it is in argon 
atmosphere. It heat-treated on the conditions of 980 **x 10 hours. Thus, the quantitative 
analysis of each obtained alloy ingot was carried out by chelatometry and the ICR method, Mg 
of these each alloy and the content of the rare earth element were quantified, and those 
decrements were written together to Table 2. The decrement of Mg and a rare earth element 
was calculated like Example 1. 

[0051]Then, coarse grinding of each above-mentioned alloy ingot was carried out, and it 
classified in the particle size of 75 micrometers or less at the screen through the pulverized 
powder obtained by pulverizing with a hammermill further. About each hydrogen storing metal 
alloy powder, the crystal structure of the main phase was identified by powder X-ray 
diffractometry. The crystal structure of each example was written together to Table 2. 
[0052]A Mg-nickel system hardener and Mg-rare earth system hardener are used for the 
comparative examples 3 and 4 in Table 2 as a hardener containing Mg. 
[0053]Next, in order to evaluate the characteristic as a battery material of the hydrogen storing 
metal alloy by above-mentioned Examples 11 -23 and the comparative examples 3 and 4, the 
electrode using each cell service-water matter occlusion alloy was formed in the procedure as 
shown below, and the service capacity and the charge-and-discharge cycle life of these each 
electrode were measured. 

[0054]First, it is a weight ratio about each alloy powder and the end of electrolytic copper 
powder. It mixes at a rate of 1:1, a tablet making machine (10 mm in inside diameter) is used 
for 1 g of this mixture, and it is by the pressure of about 10 ^ MPa. The pellet was produced by 
pressurizing for 5 minutes, respectively. Put these each pellet with nickel net producing object, 
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and spot welding of the circunnference was carried out, and the alloy electrode (negative 
electrode) was produced by carrying out spot welding of the lead of nickel, respectively. 
[0055]Subsequently, each obtained negative electrode was innmersed in an 8-N potassiunn 
hydroxide solution with the sintering type nickel electrode which is a counter electrode, 
respectively, and the cell of negative-electrode capacity regulation was constituted, 
respectively. They are these per [ hydrogen storing nnetal alloy 1g ] in a 25 ** thernnostat. Per 
[ after charging for 3 hours and stopping for 10 nninutes with 200-mA current (200nnA/(g)) / 
hydrogen storing metal alloy 1g ] A nnercury oxide electrode is received with 100-nnA current. 
The charge-and-discharge cycle test which discharges until it is set to -0.5V was done. 
[0056]The nneasurement result of the maxinnunn service capacity in a charge-and-discharge 
cycle test and a charge-and-discharge cycle life (service capacity is the nnaxinnunn service 
capacity the nunnber of cycles at the tinne of falling to 80%) was written together to Table 2. 
[0057] 
[Table 2] 









Mg® 

mm. 
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(%) 
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( HgO . 25IiaO . 7S } { NiO . 94CoO . 04HnO . 02 ) 3 . 4 
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530 
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( HgO . 24L.aO . 7570 . 0 1 ) ( HiO . »7CoO . 02A10 . 01 1 3 . 6 
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0.8 
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1.7 


O.B 


Ce2Hi7 
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1.1 
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Ago. 40X00. 60 
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543 
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1.6 
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MgCu2 
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[0058]. Alloyed by adding a rare earth-Mg systenn hardener to nickel nnolten nnetal or a rare 
earth-nickel systenn nnolten nnetal so that clearly from Table 2. The rare earth-Mg-nickel system 
hydrogen storing metal alloy of Examples 11 -23 has few amounts of evaporation of Mg 
compared with the alloy of the comparative example 3, and it turns out that a composition 
change is controlled and high service capacity is obtained. 

[0059]ln the alloy of the comparative example 3, it is because the thing with large Mg amount 
of evaporation uses the Mg-nickel system hardener, without using a rare earth-Mg system 
hardener. The total content of nickel and T element the thing with small service capacity of the 
rare earth-Mg-nickel system hydrogen storing metal alloy of the comparative example 4 It is 
because it is three or less. 
[0060] 
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[Effect of the lnvention]As explained above, according to the nnanufacturing method of the 
hydrogen storing metal alloy of this invention, since the composition change by evaporation of 
Mg can be controlled, it becomes possible to be stabilized and to control easily, the 
presentation of the hydrogen storing metal alloy which uses Mg, nickel, and a rare earth 
element as main composing elements. This contributes to improvement and stabilization of the 
characteristic of a hydrogen storing metal alloy greatly. Since the molten metal temperature at 
the time of hydrogen storing metal alloy production can be lowered, it becomes possible to 
reduce the productivity in a volume production level, and by extension, a manufacturing cost. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by connputer. So the translation nnay not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]ln manufacturing a hydrogen storing metal alloy which uses magnesium, nickel, and a 
rare earth element as main composing elements, by adding a rare earth-magnesium system 
hardener to a nickel molten metal or a rare earth-nickel series molten metal, A manufacturing 
method of a hydrogen storing metal alloy preparing a rare earth-magnesium nickel series alloy 
of a request presentation. 

[Claim 2]ln a manufacturing method of the hydrogen storing metal alloy according to claim 1, 
said rare earth-magnesium system hardener is an atomic ratio about magnesium. A 
manufacturing method of a hydrogen storing metal alloy containing in 1 - 95% of range. 
[Claim 3]A manufacturing method of a hydrogen storing metal alloy having the melting point of 
said rare earth-magnesium system hardener and the range of 600-1000 ** in a manufacturing 
method of the hydrogen storing metal alloy according to claim 1. 

[Claim 4]lt is an atomic ratio about a rare earth element as a molten metal which adds said 
rare earth-magnesium system hardener in a manufacturing method of the hydrogen storing 
metal alloy according to claim 1. A manufacturing method of a hydrogen storing metal alloy 
using said rare earth-nickel series molten metal included in 5 - 15% of range. 
[Claim 5]A manufacturing method of the hydrogen storing metal alloy according to claim 1 
characterized by comprising the following. 

A process of casting a molten metal of a rare earth-magnesium nickel series alloy of said 
request presentation. 

A process of heat-treating to an alloy after said casting for uniformity and crystal structure 
control. 

[Claim 6]ln a manufacturing method of the hydrogen storing metal alloy according to claim 1, 
said rare earth-magnesium nickel series alloy, A general formula: (Mg RE ) (nickel T ) 
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(among a formula) RE is as being chosen out of a rare eartli element containing Y as it is few. 
One sort of elements, T is as being chosen out of Co, Mn, Fe, aluminum, Ga, Zn, Sn, Cu, Si, 
Cr, and B as it is few. One sort of elements are shown, a number with which x, y, and z are 
satisfied of 0< x<1, 0< y<0.9, and 3.0< z<4.0, respectively - it is - a manufacturing method of 
a hydrogen storing metal alloy having the presentation expressed substantially. 



[Translation done.] 
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B, T7cmi)^^m}liC7mt^^btn^7iim. rUio-h 6. W*^^^. #±S-Mg-Niss^;&^©^li 



0.005- 0.8©ffiHiT-5C<b*i<i;'5»Sb<, $e.Cc 



C5) 

7 

-Jl-S^JRO - A-^^MfC. r h v-f X^ft t'O* 

[00 3 1] ±iBbfcJ:^Sc^#{blg-cff enfc#± 

s- M g - N i .^^^ts, wmkoii^mt^mm(D^WB lo 

■C, mm.<Dm¥^im.t\i. -^^tBA^Ce, N i , S!. 
CeN i, S. Gd, Co, S4sJ:c;PuN i ^ 

[00 3 2] i^^^t4scfcj;ig^^^ii<Dyt8?)©»a 

[0 0 3 3 ] ±f2bfc»JlIgtt. A<*fi^CclJ:S-r# 
[0 0 3 4] M:i^micti eoo-ujoo'C© 

©HfCKST-S Ctifi0t L < . S P)CCtt 800~1000X! 

^rai^-SCiT&sjffSOl^ 40 
[0 0 3 5 ] ±abfc ^ ^c*^B^O*:^®jS^^S{ 

[0 03 6] cn^KioT. Mg©^mJ:SiH^^ 
'2.#±S-Mg - N i .3^«SfcS^^^K:>!P^ 50 



!^200 1 -226 722 
8 

CC, ^Sg©STBSSl^-^-'l't'©*gtt©l6]±K-:> 
[0037] 

[0 0 3 8] ^Ml~10*J<fcy£fctmi~2 
ST. TfB©Siec^r#±Sf-Mg»e^©iffi^<!: 
^c-5J;^tc, -E-ti-en^d^TC^iMgi&ffgU. C*i 

^fabfc^. *PF«9{cr;l'3>;y;^?:0.1MPaS-C^A 

fc. iliis. ^1 t}J©5 ■?i'^^•^^'^^CLm)^^93Jl■^%© 

L a . IM^-X ©C e . 3M-7-X ©P r Jcc; 3J1^ 5« 
©Nd*6i&5fc©-C*-2.. 
[003 9] I^CCC. TIB®^ 1 lC^-r#±S-M g - N 

Offe©^4W*0fc. Ni. Fe. Co©§^0* 

[0040] ^ig^prt**^faom s-r*-:>t3!rt 

©Ni, Fe. Co©*?rX2*-ClfJi!g^SE»K:<fc 

mXb. C©^#^*iC?3S*[]ffl* y V Uc^ 

±m7iMt 5 i?;i'%^JJDtr> #±S- N i m 

[004 1] s#±a-N i ?k-^±mm<D&m^-{-^ic 

ers-li-fcll. #i^-Mg.^e^*3J:D''^©ftk©3C 
^^SIJDOte. C©<fc5%#±S-Mg - N i Jh-^^ 

tc. 

[0 04 2] f#e>nfc§^-/>:J5' h=&rt^icp 

a»*fL/, cti'=>§-&^oMgteJ;of#±jS5c^©^W 
-e©M^J>a*^i«:tttBbfc, cc-tm 
gfciii>*#±S5»©!gc:i>S:B. -en-en (sa^nfc 

^tjJCDMg^^S) / (IB^^OMgM) X 100(30. 

(SSSn/£:^©#d^7n^Wfi) / (i2^^©# 
dbSTC^) xioo(%)K:J;!3#*fc, 

[0 043] J&te, «lCC^sCt2.Jt®!WK 2{3:> Mg 
Sr^tf^i^i L-CMg - N i ^.9^iM^^tc^O-C 

[0044] 
[«1] 



^12 0 0 1-2 26 722 







ft±SI-M g - N i 3S6lMfi£ 


^& 
{%) 


(«) 




Hga.4SlA0.55 


(H3O.3aLaO.7O) (ltiO.S5CD0.03U.0.02)3.6 








H9O.3aLaO.7O 


(Hs0.2QLbO. 80 ) <8iO .94CO0.02U.0 .021*10. 02 ) 3 . 7 


1.8 


1.0 




llg0.aDLa0.4Syo.tS 


(M3O.2OlAO.7aTO.lO) (Bi0.36Co0.«3Al0.01| 3.4 


1.7 


o.s 




(«0. 301100. 70 


( M3O . lOIoO . 90 ) (HiO . 94CO0 .03010 . 02B0 . 01 ) 3 . S 


1.5 


O.B 




HgO. 70100. 30 


( MgO . eOlAiO . 40 ) (mo . 95CbO .04M .01 ) 3. e 


2.3 






M9O. SQLmO.SO 


(H30.2SIiiia.7St|Hi0.94Oi>Q.03ftl0.Q2KB0.01|3.3 


1.7 


0.9 




tl9O.4SIaQ.40yo.i5 


(M30.2SUl0.65YO.IO)|Ri0.96OaO.02]a0.01aa:0.01)3.a 


l.B 


1.0 




I^O.SSIii0.4S 


( MgO .35100 .65 ) (BlO . 94AI0.03NB0 . OZSdO. 01 ) 3 . 5 


2.0 


1.1 




ll9a.6OLaa.40 


|MgO.«5[||D.55l (Sl0.97CeO.02Sll0.Ol]3.4 








ll3O.tOI11a.6O 


(j|gO.20iW).80| (Bla.»«Co0.03gtlO. 0280.01)3.9 




o.e 


ami 


HgO. 331110. 67 


(HgO .30100.70) (810.95000.02)00.03)3.5 


13.5 


7.5 


tfclSIW2 


HgO .571110.33 


(tt90.2StmO.75) (Bi0.04Fso0.94Al«.02)3.4 




B.l 



[004 5] ^it^hmhMsjz'jic. ^±m-Mem 

S^^=£N i S^$fc«#±!a- N i ^^^^tcmM 

M g - N i 5M<f^®iS^«. M g mMMffiimm i 

Ott, Mg-N i3g«^!£fflt»rc»-5*if)t?*5. . 
[0 0 46] ^JIPlIl 1-2 348 j:c;Jt«{«l3~4 20 
t-r. TiBOS2K:7i^t^i^-MgSe^®ffl^i 

%(DP r45J:!D^33M^%ONd3i>e.Ji^*)©r-*^, 

[0047] ;x(c. Tfe©S2 icm^±m-Mg - n 

©ffiCD^i&fffiLft:. Ni. Fe. Co©S^ttO* 

[0048] ?§)i?^i^5X^^Lm sr-S'oaF^ 
©Ni. Fe. cociPt^m.^-c-MmLmmimcj^ 

[0049] S#±a - N i ^.^^mm>U&^+^^ 40 

ffiT $-tf fcm, #±a -M g^.e^teck a:-i-©fe07c 

■C. -en-en^&irS-Mg-N ilS^^-f>=r-^ h^f# 

[00 50] ctih^-t^^y-dy huf^yy-im 
i;:^'Pic-kt> h b. r;i'=f>#H«*-e 98o 



?rSfiLr. '?-ne.O!gS^fl?r«2MBb/i:. Mgfc 

[005 1] C(01&, JJEOfc^^-f^n? h^^ffi)^ 
Ri|&*fg{C®0-C75iuin£iTOS[aCC^l.fc. -S*^ 

[0 0 5 2] Scte. «2{C*JWStfclSt^3. 4K. Mg 

[00 5 3] '-kic. Hibtcm^mi 1-2 3 is Jic^it 

mi3. 4icj:i^mwiM^<Dmkm^tb-c(im^ 

mm^mK^fcmm^jimb. ttub^imom^ 

[ 0 0 5 4 ] s-r, ^■^mtmmmm^msitx- 
i:i©g!f^-cs^L. tKom^icHrmmm (ffmi 

Oram) 4ffilr»x:, iRno" MPa ©jKJT S^JmBE-TSC 

(MM) ^ih^tumbtc. 
[005 5] -Ai^-c. mhtitc^nm^^ti-^tiM^v 

A^w^icmmbxn^mmmo^mm'k-tti'^tim^ 

*) 2O0raA©liS£C2OOinVg) VMfS%Mb, 1Q^F^{|:± 
btc^. lOOfflAOm^-CMbTMS 

[0056] mim,^^i^}\'Umicinfimm^M 
i3j:zfm'mif-^i^)vm^ (flcms:s*sft;*aife^a© 

80x4-CffiTL/fclS©1^-/i';l'») ©a!f5£tSft*S2«: 

[005 7] 
[^2] 



(7) iRFgl2 00 1-226 72 2 

01 12 





O-urSfflfiE 




(%) 


i%) 




(nMi/gl 


(«») 






(M30 .25LaO . 75 ] (HiO . 94CoO .04ni0 .02)3 . 1 






Ca2ai7 

CBlli3 


384 
412 


SBO 




4gO . BSiaO • 60T0 . OS 


(M^.24La0.75Y0.01) (lfla.»7Co0.02]U.0.01)3.6 

(H3O .20LaO . 75RdO • 05 ) (HiO .96CaQ - 02iLlO .OlSlO .01)3.4 


1.8 
1.7 


O.B 
O.B 


Ce22ll7 


430 


545 






(Hg0.10IaO.90)<tU.0.94Oo0.04Oia.01B0.01)3.S 


1.5 




CB2Ea7 




519 
563 




«gO.Baiai0.20 

|gO.50liQl0.SO 


(H9Q .60I«0. 40 ) {ViO .SSCoO .04PsO .01] 3. 4 

ritqO .251^ . 75 ) <HiO .940oO .OlMQ .02SnO .01 ) 3 . 6 


1.7 


1.1 
0.9 


CUH13 

Oi2Hl7 


38B 


540 


^mn 


«gO.aiam0.6O 


(tigo .2SIaO .75 ) (KiO . SKCdO .03aKI .01 1 3. 6 


l.B 


1.0 


CMI13 


404 


532 




igO.JCILa0.30 


(Hg0.3SI«0.6S)<ia0.9tCs0.03MO.OZ8D0.01)3.7 


2.0 


1.2 


CB2SU.7 


390 


528 




agO.SCSffiO.SO 


(IIC|0.45IaO.SS)(IIi0.96Oa0.02SUI.01Cr0.01)3.4 






waa 


387 


543 




igO.3SDiiiO.es 


(Mg0.25Iiri>.TS)(U.D.94ec)0.03U0.02B0.01)3.S 






0BH13 




338 




i90.£SIai0.3S 


|H90.55lJd>.45)(Bl0.9BCaO.OlAl0.01}3.6 




1.0 


PVW13 


402 


553 




lgO.3DLm0.«O?0.10 


(H30.25taD.T0T0.05|(>li0.92Co0.04U0.02r«0. 02)3.4 








397 


573 




SgO.3aLM0.7O 


( MgO .2SLB0 . 75 > (HlO . 940:0 .03ia0 .02CrO .01) 3 . 5 


1.3 


0.8 


C<>3Ni7 




534 




9g0.33Hla.«7 


(H3O.23iMD.75) (El0.9fiAia.02lln0.02)3.4 




6.8 


C<.2Si7 


320 






ll9O.4tamO.6O 


1 MgO .20IaD . BO ) (BlO .S8C0O .OUllO.Ol] 1 .8 


1.6 


0.9 


«gcc2 







[00 5 8] a2*>P,W?.3&i&J:^K:. #±ffi-MglR 

s^^iN i ^s*fc«#jdi-N i m^^mic^m 

-M g - N i mmmm^it. m g mMsnimm 
3©^K{t'^riJ>^f<, mm^mmu^hx. 20 

St^fiA^jf en-ri^Sc 

[0 0 5 9 ] ttSWao^^cciiL^r. Uemmfii^ 
tl>OB*iiS-MgJSe^?:fflt^-rtC, Mg-Ni 

±3a-M g - N i m*^)g^©ffi1^S*S/jN§t»© 



[0060] 

^©m:^K:J:n«. Mg©^.^K:J:5ifiJi!^«: 



